Renewable energy research has recently been seen as one of the most important areas of studies by budding doctoral researchers. The paper is an attempt to study the trends of renewable energy research on the basis of PhD dissertations database provided by University Grants Commission (Government of India). The database provides the information about researcher, guide, title, university/Department and year. On the bases of the PhD database a unique combination of researcher and guide was established by searching scientometric output of the combination on SCOPUS database. The combination output is analyzed using Pajek social network diagrams and further network between Researcher, Guide, Institution and future research collaborations were illustratively mapped. The final output highlights the Universities' contribution towards creation of renewable technology research not only by creating the human resource but also by various modes of networking, be it researcher to guide, university to university, researcher to research or a combination of all. It also shed light on the behavior of a researcher after completing of doctoral programmer.
INTRODUCTION
A significant numbers of researchers have performed quantitative analysis of doctoral dissertations on various subjects like management, educational technology, industrial design and library sciences etc. Huang, Che-tsao (1980) described the doctoral dissertations in educational technology primarily on faculty-doctorate and facultystudent ratios. And emphasized on positive networking between guides help improve the quality of the PhDs. [1] Pao-Long and Pao-Nuah (1997) analysed the dissertations on management technology and assessed that teachers' network creates environment for a certain topic to flourish. [2] Cafferella and Steven (1990) studied the doctoral dissertations in Industrial Design and Technology and reports that a large number of students are concentrated at few institutions and controlled by network of few professors. [3] Sugimoto, Cassidy R. et al. Studied the doctoral degrees in library sciences in a time series manner. [4] The present paper analyses the human research dimension in renewable energy sector in India in terms of no of Phds, growth pattern, area wise distribution and networking. Further, the paper also discusses the output of the universities and the orientation/inclination of the researcher after completing PhD. The paper is quite significant keeping in view the importance of the human resource development and management in an emerging country like India. The paper contributes new data in capturing data related to research in renewable energy and such a data is extremely useful by both policymakers and researchers in planning appropriate policies for development and management of human resources in renewable energy research.
Database. Based on the data from INDCAT (PhD), the names of guide and the student were searched in SCOPUS to find out their output, affiliation and research interest. Pajek based social networking analysis depicts a strong international, interuniversity, and peer to peer bonding for the research networks in the areas of renewable energy technologies.
Objectives
The objective of the paper is to understand the state of the art of higher education research through Doctoral Dissertations in the area of Renewable Energy Technology in India, keeping in mind the following research questions:
• What is the trend of growth of PhDs in Renewable Energy Technology?
• What is the contribution of Universities in yielding PhDs?
• What are the different areas of Renewable Energy Technology that have been covered in the PhDs and their distribution over time?
• How the PhDs are distributed throughout India?
• What behavior does a Researcher exhibit after completing PhD?
• What is the network structure among Researcher, Guide and University?
• How the international/National collaborations between researchers, guides and universities evolve?
Methodology
For this study, data was extracted from IndCat, Online Union Catalogue of Indian Universities. IndCat (Thesis  Database) • PhD Database : Total number 2,51,839
• Energy/Renewable energy PhDs were searched using specially designed keywords: About 1000
• After manual removal of non-renewable energy PhDs: 344 dissertations
• Guide-Student combination is searched for 344 dissertations for any research output between the two using SCOPUS: 151 combinations found
• The best authors selected based on H factor, number of papers
• Pajek network diagrams were drawn to understand networking between various stakeholders.
• Core-Periphery model of Affiliations is analyzed. The distribution of dissertations according to the category to which they belong is shown in Figure. 2. The titles were categorized into thirteen categories, namely Bio-Energy, CO2 Capture and Storage, Energy Efficiency, Geothermal, Greenhouse Technology, Hydro Power, Hydrogen Fuel, Natural Gas, Nuclear Energy, Solar PV, Solar Thermal, Waste Management, Wind Energy. This categorization was done by the introspection of the title of the Dissertation. Solar PV is the most assertive one with 32% share in the dataset followed by Solar Thermal and Bio-energy which accounts for 24% and 17% respectively of the entire renewable energy dissertations. The distribution is also presented over the time period in Figure. 3. Solar Thermal and Solar PV are mostly concentrated in the 80's and also after 2000. Bio-energy is evenly distributed over the time period. Waste management, Natural Gas, Hydrogen fuel, Greenhouse Technology, CCS got attention only after 2000. As in Figure. 1, it is also evident from Figure. 3 that a major portion of the dissertations are completed after the year 2000. From the data it is observed that 344 Doctoral Dissertations are awarded by 74 Universities. And it is visible that the Doctoral Dissertations are unevenly distributed in the universities throughout the country (Figure 4 ). The number of PhD's in different universities is explicitly listed in Table 1 . Indian Institute of Technology-Delhi alone takes the credit for more than 40% of the Doctoral dissertations followed by Devi AhilyaVishwavidyalaya (5%) and Of the category of Renewable Energy, Solar Thermal is dominant in IIT-Delhi followed by Solar PV and Bioenergy. In Jai Narain Vyas University, 14 out of all 16 dissertations belong to Solar PV. Bio-energy and Solar PV are broadly scattered in Universities throughout the country. Bio-energy is present in 35 Universities, Solar PV in 32 and Solar Thermal in 21 Universities. On the contrary, Geothermal is present only in Indian Institute of Science. IIT-Delhi ranked first in the number of PhDs every year except in 90's.
RESULTS

A total of 344 Doctoral Dissertations on Renewable Energy
A comparison is drawn between the PhDs in Renewable Energy Technology and PhDs in all subjects throughout India. And it is found that that a significant number of PhDs in Renewable Energy Technology is concentrated in Delhi, Rajasthan, Madhya Pradesh and Tamil Nadu whereas a major proportion overall PhDs are aggregated in western Uttar Pradesh and Andhra Pradesh (Figure.
The number of papers by any researcher is a quantitative indicator of the contribution of a researcher in a particular field. From the data, it is evident that Pramod Shankarrao has topped the list with 184 papers followed by Shiv Singh (171) and Sudhir Kumar Sharma (165). Over 6 researchers have written more than 100 papers in various fields. It is also attributed to the fact that all these researchers have co-authored their work with more than 150 professors (maximum 150 co-authors are displayed in Scopus). Over seven researchers have co-authored their work with more than 100 Professors. In order to show an author's effectiveness, the h Index is explicitly listed in Table 2 which measures both the productivity and impact of published work of a researcher.40 out of 151 researchers spent more than 20 years doing research whereas 14 left research field after completing their PhD. Twenty researchers spent 10-20 years in research field out of that 19 are presently working in the research field. All in all, 89% of researchers have at least 1 research paper published after completing PhD. The H-Index and number of papers of top 10 researchers are shown in Table 3 . Figure. 6 shows that there exists a good correlation between the number of papers and affiliations of a researcher which is found to be 0.768629.
A network is created between researcher, guide and affiliations to find the structure of networking followed by researchers (Figure 7a -7d) . The core periphery structure of the Affiliations network is analyzed using UCINET. [5] and it is found that 13 universities form core and rest 88 constitutes periphery with a fitness of 0.444 (Figure 7a and 7b) The density matrix of the core-periphery model is found to be The core consists of the Universities which have high density (0.756) of ties among themselves by sharing many researchers in common and the periphery consists of Universities which have low density (0.040) as few researchers are attracted to these universities. It is apparent from the network between Researcher and Guide that GN Tiwari from IIT-Delhi is more influential in the network.
A network between researcher and affiliations is a 2-mode (bipartite) network which was converted to 1-mode, which created a network of affiliations in such a way that affiliations which share same researcher connects ( Figure  7c and 7d) . 
CONCLUSIONS
The examination of the doctoral dissertations shows disparate presence of different renewable energy technologies with a major share to Solar PV, Solar Thermal, and Bio-Energy. There is a need to shift the focus of PhD aspirants towards wind energy and hydro energy as India has high potential in these areas too. On the positive side, it is found that after the year 2000, PhD is produced in almost every Renewable Energy Technology which is quite applauding. Policy Implications: It is evident that there is a considerable amount of doctoral dissertations in renewable energy; which can translate to a good renewable infrastructure in the country. It is advisable to the universities to improvise their facilities for PhD programmers to attract students. The examination of the titles of the doctoral dissertation shows disparate presence of different RETs with a major share to solar PV, solar thermal and bioenergy. There is a need to shift the focus of the PhD aspirants for new technological space as India has a great potential for other solutions too. It is also evident that most researchers in renewable energy have successful careers. More than 5% of the total researchers have in axcess of 10 affiliations (i.e they shifted more than 10 organizations during their career). This shows high level of mobility for better opportunities among renewable researchers. As far as networking among researchers and affiliations is considered, there are good number of researchers that share same affiliation. This interlinking of researchers are channels of communication among affiliations. IIT Delhi and IISc Banaglore sharing 12 researchers are more closely associated than other affiliations. IIT Delhi with highest degree of centrality has more influence in the network.
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